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L3 ANSWER 1 OF 5 US PAT FULL on STN 

TI Method for the recombination of genetic elements 

AB A method for the recombination of a gene is disclosed. The method 
involves the design of unpaired forward and reverse primers having 
homology to the 5 ■ end of one template and to the 3 ■ end of another 
template. Short primer extension periods results in a recombined 
template having paired 5' and 3' ends that can then be amplified. The 
amplified sample is devoid of any parental template. 
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L3 ANSWER 2 OF 5 USPATFULL on STN 

TI Process for the biological production of 1, 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 

production of 1, 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3 -propanediol is 
achieved by the use of an E. coli transformed with the 
Klebsiella pneumoniae dha regulon genes dhaR, orfY, 
dhaT, orfX, orfW, dhaBl, dhaB2, dhaB3 , and 

orfz, all these genes arranged in the same genetic organization as found 
in wild type Klebsiella pneumoniae. In another 

aspect of the present invention, an improved process for the production 



of 1, 3 -propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT) . The dramatically improved process 
relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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TI Process for the biological production of 1, 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 

production of 1, 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3 -propanediol is 
achieved by the use of an E. coli transformed with the 
Klebsiella pneumoniae dha regulon genes dhaR, orfY, 
dhaT, orfX, orfW, dhaBl, dhaB2, dhaB3, and 

orfZ, all these genes arranged in the same genetic organization as found 
in wild type Klebsiella pneumoniae. In another 

aspect of the present invention, an improved process for the production 
of 1, 3 -propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT). The dramatically improved process 
relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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L3 ANSWER 4 OF 5 USPATFULL on STN 

TI Bioconversion of a fermentable carbon source to 1 , 3 -propanediol by a 

single microorganism 

AB A process is provided for the bioconversion of a carbon substrate to 
1 , 3-propanediol by a single organism utilizing either microorganisms 
containing the genes encoding for an active glycerol or diol dehydratase 
enzyme by contacting these organisms with a carbon substrate under the 
appropriate fermentation conditions. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Bioconversion of a fermentable carbon source to 1 , 3 -propanediol by a 

single microorganism 

AB A process is provided for the bioconversion of a carbon substrate to 
1, 3 -propanediol by a single organism utilizing either microorganisms 
containing the genes encoding for an active glycerol or diol dehydratase 
enzyme by contacting these organisms with a carbon substrate under the 
appropriate fermentation conditions. 
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L4 ANSWER 1 OF 18 USPATFULL on STN 

TI Method for the recombination of genetic elements 

AB A method for the recombination of a gene is disclosed. The method 

involves the design of unpaired forward and reverse primers having 
homology to the 5 ' end of one template and to the 3 ' end of another 
template. Short primer extension periods results in a recombined 
template having paired 5' and 3* ends that can then be amplified. The 
amplified sample is devoid of any parental template. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L4 ANSWER 2 OF 18 USPATFULL on STN 

TI Process for the biological production of 1, 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 

production of 1, 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3 -propanediol is 
achieved by the use of an E. coli transformed with the 
Klebsiella pneumoniae dha regulon genes dhaR, orfY, 
dhaT, orfX, orfW, dhaBl, dhaB2 , dhaB3 , and 

orfZ, all these genes arranged in the same genetic organization as found 
in wild type Klebsiella pneumoniae. In another 

aspect of the present invention, an improved process for the production 
of 1, 3 -propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT). The dramatically improved process 
relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L4 ANSWER 3 OF 18 USPATFULL on STN 

TI 1,3 -propanediol and polymer derivatives from a fermentable carbon source 

AB A new polypropylene terephthalate composition is provided. The 
polypropylene terephthalate is comprised of 1 , 3 -propanediol and 
terephthalate. The 1, 3 -propanediol is produced by the byconversion of a 
fermentatble carbon source, preferable glucose. The resulting 
polypropylene terephthalate is distinguished from petrochemically 
produced polymer on the basis of dual carbon-isotopic fingerprinting 
which indicates both the source and the age of the carbon. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
L4 ANSWER 4 OF 18 USPATFULL on STN 

TI Process for the biological production of 1, 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 
production of 1 , 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3-propanediol is 
achieved by the use of an E. coli transformed with the 
Klebsiella pneumoniae dha regulon genes dhaR, orfY, 
dhaT, orfX, orfW, dhaBl, dhaB2 , dhaB3, and 

orfZ, all these genes arranged in the same genetic organization as found 
in wild type Klebsiella pneumoniae. In another 

aspect of the present invention, an improved process for the production 
of 1, 3-propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 



dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT) . The dramatically improved process 
relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3-hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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L4 ANSWER 5 OF 18 USPATFULL on STN 

TI METHOD FOR THE RECOMBINANT PRODUCTION OF 1 , 3 -PROPANEDIOL 

AB The present invention provides an improved method for the production of 

1, 3 -propanediol from a variety of carbon sources is an organism 
comprising DNA encoding protein X of a dehydratase or protein X in 
combination with at least one of protein i, protein 2 and protein 3. The 
protein X may be isolated from a diol dehydratase or a glycerol 
dehydratase. The present invention also provides host cells comprising 
protein X that are capable of increased production of 1 , 3 -propanediol . 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Method for the production of 1 , 3 -propanediol by recombinant organisms 

comprising genes for vitamin B12 transport 

AB Recombinant organisms are provided comprising genes encoding genes 

encoding glycerol dehydratase, 1 , 3 -propanediol oxidoreductase, a gene 
encoding vitamin B. sub. 12 receptor precursor (BtuB) , a gene encoding 
vitamin B. sub. 12 transport system permease protein (BtuC) and a gene 
encoding vitamin B. sub. 12 transport ATP-binding protein (BtuD) . The 
recombinant microorganism is contacted with a carbon substrate and 
1, 3 -propanediol is isolated from the growth media. 
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L4 ANSWER 7 OF 18 USPATFULL on STN 

TI Method for identifying the source of carbon in 1 , 3 -propanediol 
AB A new polypropylene terephthalate composition is provided. The 
polypropylene terephthalate is comprised of 1 , 3 -propanediol and 
terephthalate. The 1 , 3 -propanediol is produced by the bioconversion of a 
fermentatble carbon source, preferable glucose. The resulting 
polypropylene terephthalate is distinguished from petrochemically 
produced polymer on the basis of dual carbon-isotopic fingerprinting 
which indicates both the source and the age of the carbon. 
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TI Method for the recombinant production of 1, 3 -propanediol 

AB The present invention provides an improved method for the production of 

1, 3 -propanediol from a variety of carbon sources in an organism capable 
of 1, 3 -propanediol production and comprising DNA encoding protein X of 
microorganismal dehydratase or protein X in combination with at least 
one of protein 1, protein 2 and protein 3, which proteins are comparabl 
to those encoded by orfY, orfX and orfW, respectively from a 
microorganismal dha regulon. The protein X may be isolated from a diol 
dehydratase or a glycerol dehydratase. The present invention also 
provides host cells comprising protein X that are capable of increased 
production of 1 , 3 -propanediol . 
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L4 ANSWER 9 OF 18 USPATFULL on STN 

TI Method for the production of 1 , 3 -propanediol by recombinant 

microorganisms 

AB Recombinant organisms are provided comprising genes encoding 

glycerol - 3 -phosphate dehydrogenase , glycerol - 3 -phosphatase , glycerol 
dehydratase and 1 , 3 -propanediol oxidoreductase activites useful for the 
production of 1 , 3 -propanediol from a variety of carbon substrates. 



CAS INDEXING IS AVAILABLE FOR THIS 
ACCESSION NUMBER: 
TITLE: 



INVENTOR (S) 



PATENT ASSIGNEE (S) 



PATENT . 
2000 : 4657 USPATFULL 

Method for the production of 1 , 3 -propanediol by 
recombinant microorganisms 

Nakamura, Charles E., Claymont, DE, United States 
Gatenby, Anthony A., Wilmington, DE, United States 
Hsu, Amy Kuang-Hua, Redwood City, CA, United States 
La Reau, Richard D., Mountain View, CA, United States 
Haynie, Sharon L., Philadelphia, PA, United States 
Diaz-Torres, Maria, San Mateo, CA, United States 
Trimbur, Donald E . , Redwood City, CA, United States 
Whited, Gregory M., Belmont, CA, United States 
Nagarajan, Vasantha, Wilmington, DE, United States 
Payne, Mark S., Wilmington, DE, United States 
Picataggio, Stephen K. , Landenberg, PA, United States 
Nair, Ramesh V., Wilmington, DE, United States 
E. I. du Pont de Nemours and Company, Wilmington, DE, 
United States (U.S. corporation) 

Genencor International, Palo Alto, CA, United States 
(U.S. corporation) 



PATENT INFORMATION: 
APPLICATION INFO. : 



NUMBER 



US 6013494 

US 1997-968563 



KIND 



DATE 



20000111 
19971112 (8) 



PRIORITY INFORMATION: 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
LINE COUNT : 



NUMBER 



DATE 



US 1996-30601P 

Utility 

Granted 

Railey, II, Johnny 

13 

1 

3642 



19961113 (60) 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L4 ANSWER 10 OF 18 DGENE COPYRIGHT 2004 THOMSON DERWENT on STN 
TI Novel nucleic acid fragment encoding a non-specific catalytic activity 
for the bioconversion of 3 -hydroxypropionaldehyde to 1 , 3 -propanediol - 
AN AAF81961 DNA DGENE 

AB The present invention an isolated nucleic acid fragment (I) encoding a 
non-specific catalytic activity for the conversion of 

3 -hydroxypropionaldehyde to 1, 3 -propanediol . Also described are: (1) a 
polypeptide (II) encoded by (I) ; (2) a chimeric gene (III) comprising (I) 
operably linked to suitable regulatory sequences; (3) a microorganism 
(IV) transformed with (III), where (IV) is selected from Citrobacter, 
Enterobacter, Clostridium, Klebsiella, Aerobacter, Lactobacillus, 
Aspergillus , Saccharomyces , Schizosaccharomyces , Zygosaccharomyces , 
Pichia, Kluyveromyces, Candida, Hansenula, Debaromyces, Mucor, 



Torulopsis, Methylobacter , Salmonella, Bacillus, Streptomyces and 

Pseudomonas ; (4) a recombinant microorganism (V) , useful for the 

production of 1, 3 -propanediol; (5) a vector pDT29 (VI) comprising a set 

of genes dhaR, orfY, dhaT, orfX, orfW, dhaBl, dhaB2 , 

dhaB3 and orf Z with a 12145 base pair sequence (AAF81961) ; and 

(6) a vector pKP32 (VII) comprising dhaR, orfY, orfX, orfW, dhaBl 

, dhaB2, dhaB3 and orfZ with a sequence (AAF81961) . 

(V) e.g. Escherichia coli, is useful for the bioproduction of 

1, 3 -propanediol by contacting (V) with a carbon source, and optionally 

recovering the 1 , 3 -propanediol produced. A fermentable carbon source can 

be directly converted to 1 , 3 -propanediol at significantly higher titre 

resulting in improved economics, and an improved process for the 

production of 1 , 3 -propanediol from glucose. The present sequence 

represents a Klebsiella pneumoniae pKPl 12/1 kb 

EcoRI-Sall DNA fragment, which used in the exemplification of the 
present invention. 
ACCESSION NUMBER: AAF81961 DNA DGENE 

TITLE: Novel nucleic acid fragment encoding a non-specific catalytic 

activity for the bioconversion of 3 -hydroxypropionaldehyde to 
1, 3 -propanediol - 
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ANSWER 11 OF 18 DGENE COPYRIGHT 2004 THOMSON DERWENT on STN 
Fermentative production of 1, 3 -propanediol - by single organism 
containing cassette comprising specific genes, and capable of using 
inexpensive carbon sources 
AAV42 024 DNA DGENE 

2 PCR primers (see AAV42023 and AAV42024) are used to amplify the 

dhaB3 gene open reading frame (see AAV42014) of 

Klebsiella pneumoniae from plasmid pHK28-26 (see 

AAV42022) , incorporating a 5' EcoRI site and a 3' Xbal site. A 

gene cassette including dhaB3 was utilised by recombinant 

Escherichia coli in the conversion of D-glucose to 1 , 3 -propanediol . The 

invention relates to the use of such gene cassettes (see AAV42012-21) for 

the fermentative production of 1 , 3 -propanediol from inexpensive 

C-sources . 

AAV42 024 DNA DGENE 

Fermentative production of 1 , 3 -propanediol - by single 
organism containing cassette comprising specific genes, and 
capable of using inexpensive carbon sources 
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Glycerol dehydratase gamma subunit dhaB3 PCR 
primer. 
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ANSWER 12 OF 18 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
Fermentative production of 1 , 3 -propanediol - by single organism 
containing cassette comprising specific genes, and capable of using 
inexpensive carbon sources 
AAV42 02 3 DNA DGENE 

2 PGR primers (see AAV42023 and AAV42024) are used to amplify the 

dhaB3 gene open reading frame (see AAV42014) of 

Klebsiella pneumoniae from plasmid pHK28-26 (see 

AAV42022), incorporating a 5' EcoRI site and a 3' Xbal site. A 

gene cassette including dhaB3 was utilised by recombinant 

Escherichia coli in the conversion of D-glucose to 1, 3 -propanediol . The 

invention relates to the use of such gene cassettes (see AAV42012-21) for 

the fermentative production of 1, 3 -propanediol from inexpensive 

C-sources . 

AAV42 023 DNA DGENE 

Fermentative production of 1 , 3 -propanediol - by single 
organism containing cassette comprising specific genes, and 
capable of using inexpensive carbon sources 
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Glycerol dehydratase gamma subunit dhaB3 PCR 
primer. 
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ANSWER 13 OF 18 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
Fermentative production of 1 , 3 -propanediol - by single organism 
containing cassette comprising specific genes, and capable of using 
inexpensive carbon sources 
AAV4 2 040 DNA DGENE 

2 PCR primers (see AAV42039 and AAV42040) are used to amplify the 
dhaBl gene open reading frame (see AAV42012) of 
Klebsiella pneumoniae from plasmid pHK2 8-2 6 (see 
AAV42022), incorporating a 5' EcoRI site. A gene cassette 
including dhaB2 was utilised by recombinant Saccharomyces 
cerevisiae in the conversion of D-glucose to 1, 3 -propanediol , 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1 , 3 -propanediol from inexpensive 
C-sources . 

AAV42 04 0 DNA DGENE 

Fermentative production of 1, 3 -propanediol - by single 
organism containing cassette comprising specific genes, 
capable of using inexpensive carbon sources 
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TI Fermentative production of 1, 3 -propanediol - by single organism 

containing cassette comprising specific genes, and capable of using 
inexpensive carbon sources 

AN AAV42 03 9 DNA DGENE 

AB 2 PCR primers (see AAV42039 and AAV42040) are used to amplify the 
dhaBl gene open reading frame (see AAV42 012) of 
Klebsiella pneumoniae from plasmid pHK28-26 (see 
AAV42022) , incorporating a 5' EcoRI site. A gene cassette 
including dhaB2 was utilised by recombinant Saccharomyces 
cerevisiae in the conversion of D-glucose to 1, 3 -propanediol . The 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1, 3 -propanediol from inexpensive 
C-sources . 
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TITLE: Fermentative production of 1 , 3 -propanediol - by single 

organism containing cassette comprising specific genes, and 
capable of using inexpensive carbon sources 
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DESCRIPTION: Glycerol dehydratase dhaBl gene PCR primer. 

L4 ANSWER 15 OF 18 DGENE COPYRIGHT 2004 THOMSON DERWENT on STN 
TI Fermentative production of 1 , 3 -propanediol - by single organism 

containing cassette comprising specific genes, and capable of using 

inexpensive carbon sources 
AN AAV42 03 8 DNA DGENE 

AB 2 PCR primers (see AAV42037 and AAV42038) are used to amplify the 
dhaB2 gene open reading frame (see AAV42 013) of 
Klebsiella pneumoniae from plasmid pHK28-26 (see 
AAV42022) , incorporating a 5' EcoRI site. A gene cassette 
including dhaB2 was utilised by recombinant Saccharomyces 
cerevisiae in the conversion of D-glucose to 1 , 3 -propanediol . The 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1, 3 -propanediol from inexpensive 
C-sources . 
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Fermentative production of 1 , 3 -propanediol - by single organism 
containing cassette comprising specific genes, and capable of using 



AN 
AB 



inexpensive carbon sources 
AAV42 03 7 DNA DGENE 

2 PCR primers (see AAV42037 and AAV42038) are used to amplify the 
dhaB2 gene open reading frame (see AAV42 013) of 
Klebsiella pneumoniae from plasmid pHK28-26 (see 
AAV42022) , incorporating a 5 1 EcoRI site. A gene cassette 
including dhaB2 was utilised by recombinant Saccharomyces 
cerevisiae in the conversion of D-glucose to 1, 3 -propanediol . The 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1, 3 -propanediol from inexpensive 
C-sources . 

AAV42 037 DNA DGENE 

Fermentative production of 1, 3 -propanediol - by single 
organism containing cassette comprising specific genes, and 
capable of using inexpensive carbon sources 

Dias-Torres M; Gatenby A A; Haynie S L; Hsu A K; Lareau R D; 
Nagarajan V; Nair R V; Nakamura C E; 
K; Trimbur D E; Whited G M 
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Glycerol dehydratase dhaB2 gene PCR primer. 
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L4 ANSWER 17 OF 18 DGENE COPYRIGHT 2 004 THOMSON DERWENT on STN 
TI Fermentative production of 1, 3 -propanediol - by single organism 

containing cassette comprising specific genes, and capable of using 

inexpensive carbon sources 
AN AAV42 03 6 DNA DGENE 

AB 2 PCR primers (see AAV42035 and AAV42036) are used to amplify the 
dhaB3 gene open reading frame (see AAV42014) of 
Klebsiella pneumoniae from plasmid pHK28-26 (see 
AAV42022) , incorporating a 5' EcoRI site. A gene cassette 
including dhaB3 was utilised by recombinant Saccharomyces 
cerevisiae in the conversion of D-glucose to 1 , 3 -propanediol . The 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1, 3 -propanediol from inexpensive 
C-sources . 
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containing cassette comprising specific genes, and capable of using 

inexpensive carbon sources 
AN AAV4 2 03 5 DNA DGENE 
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Klebsiella pneumoniae from plasmid pHK28-26 (see 
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cerevisiae in the conversion of D-glucose to 1 , 3 -propanediol . The 
invention relates to the use of such gene cassettes (see AAV42012-21) for 
the fermentative production of 1, 3 -propanediol from inexpensive 
C-sources . 
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TI Methods for producing end-products from carbon substrates 

AB The present invention provides means for the production of desired 

end-products of in vitro and/or in vivo bioconversion of biomass -based 
feed stock substrates, including but not limited to such materials as 
starch and cellulose. In particularly preferred embodiments, the methods 
of the present invention do not require gelatinization and/or 
liquefaction of the substrate. 
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TI Process for the biological production of 1, 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 

production of 1 , 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1 , 3 -propanediol is 
achieved by the use of an E. coli transformed with the Klebsiella 
pneumoniae dha regulon genes dhaR, orfY, dhaT, orfX, orfw, dhaBl, dhaB2, 
dhaB3, and orfZ, all these genes arranged in the same genetic 
organization as found in wild type Klebsiella pneumoniae. In another 
aspect of the present invention, an improved process for the production 
of 1, 3 -propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT). The dramatically improved process 
relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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TI 1, 3 -propanediol and polymer derivatives from a fermentable carbon source 

AB A new polypropylene terephthalate composition is provided. The 

polypropylene terephthalate is comprised of 1, 3 -propanediol and 
terephthalate. The 1 , 3 -propanediol is produced by the bioconversion of a 
fermentatble carbon source, preferable glucose. The resulting 
polypropylene terephthalate is distinguished from petrochemically 
produced polymer on the basis of dual carbon-isotopic fingerprinting 
which indicates both the source and the age of the carbon. 
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TI Process for the biological production of 1 , 3 -propanediol with high titer 

AB The present invention provides an improved method for the biological 

production of 1 , 3 -propanediol from a fermentable carbon source in a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3 -propanediol is 
achieved by the use of an E. coli transformed with the Klebsiella 
pneumoniae dha regulon genes dhaR, orfY, dhaT, orfX, orfW, dhaBl, dhaB2 , 
dhaB3, and orfz, all these genes arranged in the same genetic 
organization as found in wild type Klebsiella pneumoniae. In another 
aspect of the present invention, an improved process for the production 
of 1, 3 -propanediol from glucose using a recombinant E. coli containing 
genes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
dehydratase reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1, 3 -propanediol oxidoreductase (dhaT). The dramatically improved process 



relies on the presence in E. coli of a gene encoding a non-specific 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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TI METHOD FOR THE RECOMBINANT PRODUCTION OF 1 , 3 -PROPANEDIOL 

AB The present invention provides an improved method for the production of 

1, 3 -propanediol from a variety of carbon sources is an organism 
comprising DNA encoding protein X of a dehydratase or protein X in 
combination with at least one of protein 1, protein 2 and protein 3. The 
protein X may be isolated from a diol dehydratase or a glycerol 
dehydratase. The present invention also provides host cells comprising 
protein X that are capable of increased production of 1 , 3 -propanediol . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Method for the production of 1 , 3 -propanediol by recombinant organisms 

comprising genes for vitamin B12 transport 

AB Recombinant organisms are provided comprising genes encoding genes 

encoding glycerol dehydratase, 1 , 3 -propanediol oxidoreductase, a gene 
encoding vitamin B. sub. 12 receptor precursor (BtuB) , a gene encoding 
vitamin B. sub. 12 transport system permease protein (BtuC) and a gene 
encoding vitamin B. sub. 12 transport ATP-binding protein (BtuD) . The 
recombinant microorganism is contacted with a carbon substrate and 
1 , 3 -propanediol is isolated from the growth media. 
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TI Method for identifying the source of carbon in 1, 3 -propanediol 
AB A new polypropylene terephthalate composition is provided. The 
polypropylene terephthalate is comprised of 1, 3 -propanediol and 
terephthalate. The 1 , 3 -propanediol is produced by the bioconversion of a 
fermentatble carbon source, preferable glucose. The resulting 
polypropylene terephthalate is distinguished from petrochemically 
produced polymer on the basis of dual carbon-isotopic fingerprinting 
which indicates both the source and the age of the carbon. 
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TI Method for the recombinant production of 1, 3 -propanediol 

AB The present invention provides an improved method for the production of 
1, 3 -propanediol from a variety of carbon sources in an organism capable 
of 1, 3 -propanediol production and comprising DNA encoding protein X of 
microorganismal dehydratase or protein X in combination with at least 
one of protein 1, protein 2 and protein 3, which proteins are comparabl 
to those encoded by orfY, orfx and orfW, respectively from a 
microorganismal dha regulon. The protein X may be isolated from a diol 
dehydratase or a glycerol dehydratase. The present invention also 
provides host cells comprising protein X that are capable of increased 
production of 1 , 3 -propanediol . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Bioconversion of a fermentable carbon source to 1, 3 -propanediol by a 

single microorganism 

AB A process is provided for the bioconversion of a carbon substrate to 

1, 3 -propanediol by a single organism utilizing either microorganisms 
containing the genes encoding for an active glycerol or diol dehydratase 
enzyme by contacting these organisms with a carbon substrate under the 
appropriate fermentation conditions . 
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TI Method for the production of 1, 3 -propanediol by recombinant 

microorganisms 

AB Recombinant organisms are provided comprising genes encoding 

glycerol - 3 -phosphate dehydrogenase , glycerol - 3 -phosphatase , glycerol 
dehydratase and 1 , 3 -propanediol oxidoreductase activites useful for the 
production of 1, 3 -propanediol from a variety of carbon substrates. 
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TI Production of 1 , 3 -propanediol from glycerol by recombinant bacteria 

expressing recombinant diol dehydratase 

AB A process is provided for the bioconversion of glycerol to 

1, 3 -propanediol in which genes from a bacteria known to possess a diol 
dehydratase enzyme for 1 , 2 -propanediol degradation are cloned into a 
bacterial host and the host is grown in the presence of glycerol; 
expression of the foreign genes in the host cell facilitates the 
enzymatic conversion of glycerol to 1 , 3 -propanediol which is isolated 
from the culture. 
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TI Bioconversion of a fermentable carbon source to 1 , 3 -propanediol by a 

single microorganism 

AB A process is provided for the bioconversion of a carbon substrate to 
1, 3 -propanediol by a single organism utilizing either microorganisms 
containing the genes encoding for an active glycerol or diol dehydratas 
enzyme by contacting these organisms with a carbon substrate under the 



appropriate fermentation conditions. 
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TI Production of 1 , 3 -propanediol from glycerol by recombinant bacteria 

expressing recombinant diol dehydratase 

AB A process is provided for the bioconversion of glycerol to 

1, 3 -propanediol in which genes from a bacteria known to possess a diol 
dehydratase enzyme for 1 , 2 -propanediol degradation are cloned into a 
bacterial host and the host is grown in the presence of glycerol; 
expression of the foreign genes in the host cell facilitates the 
enzymatic conversion of glycerol to 1 , 3-propanediol which is isolated 
from the culture. 
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Process for making 1 , 3 -propanediol from carbohydrates using mixed 
microbial cultures 

The present invention provides a process for the biotransformation of 



carbohydrate carbon source to 1, 3 -propanediol using mixed yeast and 
bacterial cultures wherein the carbohydrate is first fermented to 
glycerol by the yeast cell and then converted to 1, 3 -propanediol by the 
bacterial cell containing an active diol or glycerol 
dehydratase enzyme in this process both the yeast and 
bacterial cultures are supported on the same carbon source, and 
1, 3 -propanediol is isolated from the media. 
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TI 1, 3 -propanediol monomer useful as feed stock for polymers e.g. 

polypropylene terephthalate, produced by bioconversion of carbon source 
other than glycerol by single microorganism harboring dehydratase enzyme. 

AN 2001-257443 [26] WPIDS 

CR 1996-518684 [51] 

AB WO 200111070 A UPAB : 20030516 

NOVELTY - 1, 3 -propanediol (PD) produced by contacting a medium containing 
a fermentable carbon substrate other than glycerol or dihydroxyacetone 
with Klebsiella, Citrobacter or a recombinant Escherichia transformed with 
a gene encoding a diol dehydratase or glycerol ^ dehydratase , incubating the 
medium and recovering 1,3-PD from the medium, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(1) a polymer (I) comprising at least two repeating units of 
biosourced 1,3-PD produced by the novel method and selected from 
biosourced 1,3-PD characterized by a delta 13C of -10.74 to -17.02 and a 
fM14C of 1.003-1.232, delta 13C of -13.22 to -14.54 and a fM14C of 
1.106-1.129 and delta 13C of -13.84 to -13.92 and a fM14C of ^ 1 . 111-1 . 124 ; 

(2) a polymer (II) comprising at least two repeating units of 
biosourced polypropylene terephthalate comprising 1,3-PD monomer prepared 
by the novel method and selected from a biosourced polypropylene 
terephthalate characterized by delta 13C of -23.76 to -25.85 and a fM14C 
Of 0.241-0.373, delta 13C of -24.50 to -25.07 and a fM14C of 0.286-0.326, 
delta 13C of -24.74 to -24.88 and a fM14C of 0.299-0.309 and delta 13C of 
-24.75 to -24.82 and a fM14C of 0.303-0.309; 

(3) a co-polymer (III) comprising a blend of two or more polymers, at 
least one of the polymers comprising biosourced 1,3-PD characterized by a 
delta 13C of -13.84 to -13.92 and a fM14C of 1.109-1.126; 

(4) an article in the form of a film, fiber, particle, package and a 
molded article comprising 1,3-PD, (I), (II) or (III); and 

(5) identifying biosourced 1,3-PD in a sample, by purifying 1,3-PD 
from the sample and characterizing the delta 13C and fM14C of the sample, 
where a delta 13C of -10.9 to -15.4 and a fM14C of 1.04-1.18, indicates a 
biosourced 1,3-PD. 



USE - 1,3-PD serves as a new feed stock for useful polymers such as 
1,3-PD polyol and polypropylene terephthalate . 1,3-PD and polymers derived 
from it are useful in the production of polyester fibers and in the 
manufacture of polyurethanes . 

ADVANTAGE - Microorganisms harboring the gene for a dehydratase are 
capable of converting glucose and other sugars through the glycerol 
degradation pathway to 1,3-PD with good yields and selectiyities . The 
method can be applied to any carbon substrate that is readily converted to 
glycerol or dihydroxyacetone . 
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1, 3 -propanediol monomer useful as feed stock for polymers 
e.g. polypropylene terephthalate, produced by 
bioconversion of carbon source other than glycerol by 
single microorganism harboring dehydratase enzyme. 
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Suction of a monomer which is used in the manufacture of polyester 
fiber, polyurethane and cyclic compounds. 
2000-053104 [04] WPIDS 

WO 9958686 A UPAB : 20000124 ^ j ^ 

NOVELTY The monomer, 1, 3 -propanediol (I). is biologically produced by 
using a transformed host cell (C) comprising at least one copy of gene 
encodinq BtuB, BtuC and BtuD. 

DETAILED DESCRIPTION - The (I) is produced by the steps comprising: 

(1) contacting the transformed (C) with at least one fermentable 
common source and an effective amount of vitamin B12 The transformed (C) 
comprises at least one copy of genes encoding a protein having dehydratase 
activity (a) , a protein having an oxidoreductase activity (b) , a vitamin 
B12 receptor precursor protein (c) , a vitamin B12 transport system 
permease protein (d) , and a vitamin B12 transport ATP or GTP-binding 

protein (e) ; and 

(2) recovering (I) produced by d) . 

An INDEPENDENT CLAIM is also included for the transformed (C) 
described above^^^ ^ ^ ^ ^ (j) (claimed) hich is employed 
in the manufacture of polyester fiber, polyurethane and cyclic compounds . 

ADVANTAGE - The method produces 1, 3 -propanediol rapidly and it is 
inexDensive Increased production of the compound is obtained ( E.coli 
drains FMl/pD?24 and FM5/pDT24/pBCDE were cultured and production of 
1 3 Propanediol was checked after adding 0.4 mu M coenzyme B12 The latter 
strain shewed increased monomer production (e.g. 2.4 g/L but the former 
strain showed 2.0 g/L monomer production)) 
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Production of a monomer which is used in the manufacture 
of polyester fiber, polyurethane and cyclic compounds. 
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Ti tentative production of 1, 3-propane-diol useful for polymer production - 

fr ° m carbon substrates using mixed culture of glycerol-producing and 

diol -producing organisms. 
AN 1996-518687 [51] WPIDS 

M rroduction 9 of A l^ro P an:a 2 iol (I) comprises incubating a carbon substrate with 
a mSed culture of a glycerol-producing organism (A) and a diol producing 
organism (B) . ^ x cella/ml and the < A) s {B ) ratio 

is 0 M-100, pref. 0.4-5.1- The substrate may be mixed with the co-culture 
or fermentation is with (A) first and then with (B) . Part ic. both 
onanisms are used at 10-100 million cells/ml. Fermentation is by batch, 
red-Satch or continuous methods. (A) is an (an) aerobic bacterium, fungus, 
alqa or yeast, pref. Aspergillus, Saccharomyces , Zygosaccharomyces, 
Pichia, Bacillus, Kluyveromyces , Candida, Hansenula, Dunaliella, 
Debaromyces, Mucor, Torulopsis, Methylobacterium, Escherichia or a 
recombinant cell, especially pref. is S. cerevisiae ATCC 64236. (B) is able to 
produce diol or glycerol dehydratase and is e.g. oitrobacter, 
SSrSacter, Clostridium, Klebsiella, Lactobacillus or a -combinant 
cell, especially Klebsiella, Citrobacter or recombiant E. coll DH5-alpha pKP 
(ATCC 66789) or pKP4 (ATCC 69790). 

USE - (I) is useful as a comonomer for fibres and film-forming 
polymers, also as an additive to improve physical properties and 
performance of other substances and articles (no more details) . 

ADVANTAGE - (I) can now be produced from unrefined carbohydrates 
without difficulties of catabolite repression, feedback inhibition and 
carbon source diversion. 
Dwg. 0/0 
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° A biological process for preparing 1, 3 -propanediol comprises: (a) mixing a 
glycerol-producing organism at a cell density of at least 1x106 cells/ml 
and a diol -producing organism at a cell ratio of glycerol-producing 
organism to diol -producing organism of at least 0 04 to 1.0 to yield a 
Z! culture medium, wherein the glycerol-producing organism is selected 
from the qroup consisting of members of the genera Aspergillus, 
Saccharomyces P Zygosaccharomyces, Pichia, Bacillus, Kl J2£*^"i "jf 
bp., Hansenula sp., Dunaliella sp., Debaryomyces sp., Mucor, Torulopsis 
Methylobacteria, Escherichia, and recombinant organisms transformed with 



the qenes necessary for glycerol production, and wherein the 
diol -producing organism is selected from the group consisting of members 
of the genera Citrobacter, Enterobacter , Clostridium, Klebsiella, 
Lactobacillus, recombinant organisms transformed with a gene encoding a 
diol dehydratase enzyme or a glycerol dehydratase 
enzyme, and mutants having phenotypes which enhance production of 
1,3 -propanediol; (b) contacting the mixed culture medium with a carbon 
substrate having at least a single carbon atom selected from the group 
consisting of monosaccharides, oligosaccharides, polysaccharides, carbon 
dioxide, methanol, formaldehyde, formate, and carbon- containing amines; 
(c) incubating the mixed culture medium under suitable conditions to 
produce 1,3 -propanediol; and (d) recovering the 1, 3 -propanediol . 
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H Access for the biological production of 1 , 3 -propanediol with high titer 



AB 



Process ror cne uiuiuyitai t)J . W uu.>-i.j.^" — ^ - - i- - _ - 

The present invention provides an improved method for the biological 
production of 1,3 -propanediol from a fermentable carbon source m a 
single microorganism. In one aspect of the present invention, an 
improved process for the conversion of glucose to 1, 3 -propanediol is 



a rVh-i^H bv the use of an E. coli transformed with the Klebsiella 
^Sia^dJfrSSlSn genes dhaR, orfY dhaT orfX, orfW dhaBl, 
dhaB3 and orfZ, all these genes arranged in the same genetic 
oroanization found in wild type Klebsiella pneumoniae. In another 
aspect of tL present invention, an improved process for the production 
of P 1?3 -propanediol from glucose using a recombinant E. coli containing 
qenes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
SSSrSS reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
phosphatase, a dehydratase, a dehydratase reactivation factor and a 
1 3-propanediol oxidoreductase (dhaT) . The dramatically improved process 
relies on the presence in E. coli of a gene encoding a . non -«P««J" 
catalytic activity sufficient to convert 3-hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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1 3 -propanediol and polymer derivatives from a fermentable carbon source 
A'new polypropylene terephthalate composition is provided. The 
polypropylene terephthalate is comprised of 1, 3 -propanediol and 
terephthalate. The 1 , 3 -propanediol is produced by the byconversion of a 
fermentatble carbon source, preferable glucose. The resulting 
polypropylene terephthalate is distinguished from petrochemically 
produced polymer on the basis of dual carbon-isotopic fingerprinting 
which indicates both the source and the age of the carbon. 
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Tl Process for the biological production of 1 , 3 -propanediol with high titer 

£ The present invention provides an improved method for the biological 

production of 1 , 3 -propanediol from a fermentable carbon source in a 
Single microorganism. In one aspect of the present invention, an 
improved proceis for the conversion of glucose to 1 , 3 -propanediol is 
achieved by the use of an E . coli transformed with the Klebsiella 
pneumonLe Y dha regulon genes dhaR, orfY, dhaT, orfx, orfW dhaBl, dhaB2, 
dhaB3, and orfZ, all these genes arranged in the same genetic 
organization as found in wild type Klebsiella pneumoniae In another 
aspect of the present invention, an improved process for the production 
of ??3-propaneSiol from glucose using a recombinant E . coli containing 
qenes encoding a G3PDH, a G3P phosphatase, a dehydratase, and a 
denydraLse reactivation factor compared to an identical process using a 
recombinant E. coli containing genes encoding a G3PDH, a G3P 
nhnsr^hatase a dehydratase, a dehydratase reactivation factor and a 

propanediol oxidoreduc^ase (dhaT) . The dramatically improved process 
r4lies on the presence in E. coli of a gene encoding a , non -^^^ n 
catalytic activity sufficient to convert 3 -hydroxypropionaldehyde to 
1 , 3 -propanediol . 
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LhvnraSe The present invention also provides host cells comprising 
proSSx thaf.re capable of increased production of 1, 3 -propanediol . 
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tt MPhhod for the recombinant production of 1 , 3 -propanediol 

S ¥he present invention provides an improved method for the production of 
f 3-propanedioIfrom .'variety of carbon sources in an organism capable 
of i 3-oroDanediol production and comprising DNA encoding 
orotein X of a Mcroorganismal dehydratase or protein X m combination 
with at Last one of protein 1, protein 2 and protein 3, which proteins 
are comparable to those encoded by orfY, orfX and orfW respectively 
from a microorganismal dha regulon. The protein X may be isolated from < 

dehvdrataie or a glycerol dehydratase. The present invention also 
pr^videfhost "ns composing protein X that are capable of increased 
production of 1 , 3 -propanediol . 
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Method for the production of 1, 3 -propanediol by recombinant 

ScomSnant'organisms are provided comprising genes ^° d ^ Ql 
qlvcerol- 3 -phosphate dehydrogenase, glycerol -3 -phosphatase, glycerol 
?enylratase P and P l, 3 -propanediol oxidoreductase activites useful for the 
production of 1 , 3 -propanediol from a variety of carbon substrates. 
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